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(54) BONDING METHOD AND DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To widen an applicable range of bonding 
conditions, lessen a deformation amount of a bump, and bond at a 
narrow pitch by a method wherein a plurality of directions of ultrasonic 
vibrations are set and a deformation of a bump at a time of bonding is 
controlled. 

SOLUTION: If positioning of a SAW device D absorbed to a bonding 
tool 3 and a ceramic substrate B fixed onto a work stage 12 is ended, a 
vertical drive mechanism 1 1 is activated, and an ultrasonic horn 5 is 
moved downward together with the bonding tool 3 to start a pressure to 
a bump 2, and the ultrasonic horn 5 is applied to the bonding tool 3. If 
applying is ended and the ultrasonic horn 5 is elevated up to a specified ^ 
position, a support arm 6 is rotated at 90 degrees together with the 
ultrasonic horn 5 and the bonding tool 3, and the bonding tool 3 is 
dropped and brought into contact with a back surface of a SAW device 

D to press and apply ultrasonic waves. Accordingly, the ultrasonic waves are applied in a different direction 
of the bump 2 to bond. It is possible to cope with a case where an electrode pad is fine-pitched. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is the mounting technology of devices, such as a 
semiconductor, and it relates to the bonding method for performing flip chip bonding which carries out 
thermocompression bonding with a bonding tool, and bonding equipment, impressing an ultrasonic wave. 
[0002] 

[Description of the Prior Art] The flip chip bonding which joins the electrode of a device and the electrode of a substrate 
through a bump has a small component-side product, has the feature that the wiring length of a circuit is short, and is 
suitable for high density assembly or mounting of a high-speed device. Especially, the thing using the golden ball bump 
with a comparatively easy formation process is put in practical use widely. 

[0003] Explanation of the outline of those processes forms a golden bump by the ball bump method etc. on the electrode 
of devices, such as a SAW (Surface AcousticWave) device, beforehand. The device in which this golden bump was 
formed is adsorbed with the bonding tool which placed the bump forming face upside down and was attached in the 
ultrasonic horn in it. On the other hand, on the bonding stage currently heated by about 200 degrees C, the ceramic 
substrate to which gilding for electrodes was given is arranged. After alignment is performed by the camera etc., a 
bonding tool descends, and a device and a ceramic substrate pressurize a device to a ceramic substrate, and join. This 
pressurization is performed by usually being divided into two stages. That is, in the 1st phase, the barricade which 
remained in the bump is removed and it joins in the 2nd phase after that. Therefore, supersonic oscillation is first 
impressed for 800ms with an about [ 0.5W ] low output, next supersonic oscillation is impressed for 800ms with the 
output of 2.0W. Under the present circumstances, since a bonding tool operates in the same state, the oscillating direction 
of an ultrasonic wave is the same direction. 

[0004] If these equipments are explained based on drawing 6 , the vertical drive 23 consists of an unilateral side of a 
pedestal 21, and a corresponding point of the support arm 22. This support arm 22 is supporting the ultrasonic horn 24 at 
the end. 

[0005] The ultrasonic horn 24 holds the bonding tool 25 by the point. By the shape of a pipe, the adsorption hole 26 
penetrates in the center section, the bonding tool 25 is formed in it, and the point forms the head 27 doubled with the 
configuration of an adsorption chip. The head 27 is adsorbed in the SAW device D in which the bump 28 was formed. 
Moreover, the other end of the bonding tool 25 was connected to the vacuum hose 29, and the other end of a vacuum 
hose 29 is connected to the pump which is not illustrated. 

[0006] On the other hand, the bonding stage 30 arranges under the bonding tool 25. On the bonding stage 30, the ceramic 

substrate B by which the electrode 31 was formed in the front face is laid. 

[0007] 

[Problem(s) to be Solved by the Invention] In order to secure a bonding strength by ultrasonic combined use by the flip 
chip bonding which carries out thermocompression bonding as compared with wirebonding etc., there is the need of 
impressing an ultrasonic wave to a bump with a high output at a long time. As well as reducing manufacture efficiency, 
when an ultrasonic wave is impressed from the same (b), as shown in drawing 7 , a bump deforms this into an ellipse 
form for a long time in the direction of supersonic oscillation before and behind bonding. That is, since the major axis of 
the ellipse for which a bump deforms a bump's deformation permissible dose to electrode size is needed, the fitness range 
of bonding conditions receives restrictions in a degree very much. For this reason, correspondence when an electrode pad 
forms a detailed pitch is difficult. 

[0008] It was made under such a situation, and a bump's deformation is lessened, and this invention is good and offers 
the method and equipment which can perform bonding of a ** pitch while it secures the proper range of bonding 
conditions in the latus range by controlling deformation of the bump at the time of bonding. 
[0009] 


[Means for Solving the Problem] According to this invention, it is in the bonding method which becomes considering the 
direction of the aforementioned supersonic oscillation as plurality in the bonding method which impresses supersonic 
oscillation for the aforementioned electrode through the aforementioned bump, and carries out thermocompression 
bonding of the device which has the substrate in which the electrode was formed and installed the bump in the 
aforementioned electrode, and the envelope in which the electrode was formed mutually. 

[0010] Moreover, according to this invention, it is the bonding method characterized by for impression of the ultrasonic 
wave to a bonding tool performing the aforementioned bonding, and performing it whenever a bonding tool rotates a 
predetermined angle by the rotation means. 

[001 1] Moreover, according to this invention, it is in the bonding method characterized by performing the 
aforementioned work stage whenever impression of the ultrasonic wave to the aforementioned bonding tool rotates a 
predetermined angle. 

[0012] Moreover, according to this invention, it has the bonding tool with which the seal of approval of the supersonic 
oscillation countered and prepared in a work stage and this is carried out. In the bonding equipment which impresses and 
carries out thermocompression bonding of the ultrasonic wave to the electrode of the envelope laid on the work stage in 
the bump formed in the electrode of the device by which the aforementioned bonding tool was adsorbed at a bonding 
tool The bonding equipment characterized by having an oscillating direction change means to change the oscillating 
direction has impression of the ultrasonic wave to the aforementioned bonding tool. 
[0013] 

[Embodiments of the Invention] The operation gestalt of this invention is explained with reference to a drawing below. 
[0014] Drawing 1 is the block diagram showing the ** type of the 1st operation gestalt of this invention, and explains the 
case where it applies to the SAW device D like a Prior art. As for the dimension of the SAW device D, the electrode 1 is 
formed in the front face by 2.0x2.0x0.4 (mm). 16 pieces are formed of sputtering with aluminum, and an electrode 1 is 
[ the thickness of the size of each electrode 1 ] 0.7 micrometers in **120micrometer. The golden ball bump 2 with a 
diameter [ of 70 micrometers ] and a height of 30 micrometers is formed in the electrode 1 at each. Moreover, as an 
envelope which mounts this device, the electrode 4 of a tungsten / nickel / gold was constituted on the ceramic substrate 
B of an outer diameter 3.0x3.0x0.5 (mm). In addition, it formed in the electrode front face by 0.4-micrometer gilding by 
the electroless-plating method. 

[0015] If the equipment which carries out flip chip bonding of these devices is explained, the ultrasonic horn 5 is 
supported with the support arm 6, and is carrying out fixed maintenance of the bonding tool 3 at the point. The through 
hole 7 for adsorbing a device is formed in the bonding tool 3. The elastic vacuum hose 14 connected with the other end 
of a bonding tool, and the vacuum hose 14 is connected to the pump which is not illustrated. The other end of the 
ultrasonic horn 5 is connected to the source of an ultrasonic wave which is not illustrated. The other end of the support 
arm 6 is connected to theta shaft rotation motor 10, and the main part 18 of bonding equipment is equipped with this 
theta shaft rotation motor 10 through the vertical drive 1 1 . 

[0016] On the other hand, the work stage 12 is arranged under the bonding tool 3, and the plate 13 which fixes the 
ceramic substrate B is formed on the work stage 12. 

[0017] After performing alignment of the ceramic substrate B currently fixed on the SAW device D by which the 
bonding tool 3 was adsorbed with the camera which is not illustrated when the operation by such structures was 
explained, and the work stage 12 and completing alignment within the limits of predetermined, the vertical drive 1 1 
operates and the ultrasonic horn 5 moves below. Therefore, the bonding tool 3 moves below similarly and the 
pressurization to the bump 2 of a device is started. If a pressurization load reaches lKgf, the source of supersonic 
oscillation will operate and the ultrasonic horn 5 will be impressed to the bonding tool 3 for 200ms by output 1.5W. 
After this impression is completed, adsorption of a device is canceled, the vertical drive 1 1 operates, and the bonding 
tool 3 goes up to a predetermined position. Since theta shaft rotation motor 10 will operate and the support arm 6 will 
rotate 90 degrees if the bonding tool 3 goes up to a predetermined position, the ultrasonic horn 5 and the bonding tool 3 
also rotate 90 degrees. The vertical drive 1 1 operates again in this state, drop the bonding tool 3, and it is made to contact 
to the rear face of the SAW device D, and pressurizes. If a pressurization load reaches lKgf, supersonic oscillation will 
be impressed for 200ms by output 2.0W, after impression is completed, the vertical drive 1 1 operates, the bonding tool 3 
goes up and bonding ends it. Therefore, bonding was able to be performed towards the directions of the ultrasonic wave/ 
impressed to a bump 2 as shown in dra wing 2 (a, b) differing. ' 
[0018] After bonding junction, while measuring sticking-by-pressure bump 2 path, as shown in drawing. 3 , ** was 
measured for bond strength (shear strength) using the share tool 14. The bump 2 was deforming maintaining an 
approximate circle form, a bump's 2 diameter of sticking by pressure is 100 micrometers, the correspondence to the pad 
of **120-micrometer size is possible enough, and, as for the shear strength, 100gf(s) and sufficient intensity were 
obtained per bump. 7 /r"* 

[0019] In addition, since there is the need of impressing ultrasonic output 2.0W for 500ms in order to obtain an / [J 


equivalent bonding strength by the conventional method (the oscillating direction of the ultrasonic wave impressed is ** 
ok tife otfier hand), the bump 2 deformed into the ellipse form and the major axis amounted to 120 micrometers, the 
application to the pad of **120-micrometer size was difficult. 

[0020] As for the parts in which drawing 4 shows the gestalt of other operations to and the same previous parts as a 
gestalt or the same previous function of operation is shown, the same sign is attached. It is being fixed to the main part of 
equioment by the support arm 6, and the ultrasonic horn 5 is carrying out fixed maintenance of the bonding tool 3 at the 
point. Moreover, the elastic vacuum hose 14 connected with the other end of the bonding tool 3, and the vacuum hose 14 
is connected to the pump which is not illustrated. The other end of the ultrasonic horn 5 is connected to the source of an 
ultrasonic wave which is not illustrated. 

[0021] On the other hand, the work stage 12 is arranged under the bonding tool 3, and the plate 13 which fixes a 
substrate is formed on the work stage 12. The rolling mechanism 15 which made the motor the source of power is 
connected to the lower part of this work stage 12. 

[0022] Since the vertical drive 1 1 operates and the ultrasonic horn 5 moves below after performing alignment of the 
ceramic substrate B currently fixed on the SAW device D by which the bonding tool 3 was adsorbed with the camera 
which is not illustrated when the operation by such structures was explained, and the work stage 12 and completing 
alignment within the limits of predetermined, the bonding tool 3 moves below similarly and the pressurization to the 
bump 2 of a device is started. A pressurization load is lKgf. If it reaches, the source of supersonic oscillation will 
operate, and the ultrasonic horn 5 is output 1 .5 W to the bonding tool 3. It impresses for 200ms. After this impression is 
completed, adsorption of a device is canceled, the vertical drive 1 1 operates, and the bonding tool 3 goes up to a 
predetermined position. If the bonding tool 3 goes up to a predetermined position, a motor rotates, a rolling mechanism 
15 will operate and the work stage 12 will be rotated 90 degrees. The vertical drive 1 1 operates again in this state, drop 
the bonding tool 3, and it is made to contact to the rear face of the SAW device D, and pressurizes. If a pressurization 
load reaches lKgf, supersonic oscillation will be impressed for 200ms by output 2.0W, after impression is completed, 
the vertical drive 1 1 operates, the bonding tool 3 goes up and bonding ends it. 

[0023] Drawing 5 is the plan showing the gestalt of still more nearly another operation, fixed support of the 1st bonding 
tool 3a is carried out at 1st ultrasonic horn 5a, and 2nd bonding tool 3b is supported by 2nd ultrasonic horn 5b. 1st 
ultrasonic horn 5a and 2nd ultrasonic horn 5b are being fixed to the main part 18 of equipment through the support arms 
6a and 6b and the vertical drives 1 la and 1 lb, respectively, after the angle has displaced 90 degrees. Other composition 
is the same as that of the gestalt of above-mentioned operation. 

[0024] On the other hand, the work stage 12 which carries out installation fixation of the substrate 2 under the bonding 
tools 3a and 3b is formed. This work stage 12 is set up with X-Y table structure possible [ movement into the operating 
range of each bonding tools 3a and 3b ]. 

[0025] If the operation by such structures is explained, alignment of the ceramic substrate B currently fixed on the SAW 
device D by which 1st bonding tool 3a was adsorbed with the camera which is not illustrated, and the work stage 12 will 
be performed. Since the vertical drive of 1st ultrasonic wave horn 5a operates and ultrasonic horn 5a moves below after 
alignment is completed within the limits of predetermined, 1st bonding tool 3a moves below similarly, and starts the 
pressurization to the bump 2 of a device. If a pressurization load reaches 1 Kgf, the source of supersonic oscillation will 
operate and 1st ultrasonic horn 5a will be impressed to 1st bonding tool 3a for 200ms by output 1 .5W. After this 
impression is completed, adsorption of a device is canceled, a vertical drive operates and 1st bonding tool 3a goes up to a 
predetermined position. If 1st bonding tool 3a goes up to a predetermined position, the work stage 12 will operate and 
will be moved to the predetermined position of the lower part of 2nd bonding tool 3b. The vertical drive of 2nd 
ultrasonic horn 5b operates in this state, drop 2nd bonding tool 3b, and it is made to contact to the rear face of the SAW 
device D, and pressurizes. If a pressurization load reaches lKgf, supersonic oscillation will be impressed for 200ms by 
output 2.0W, after impression is completed, a vertical drive operates, bonding tool 3b goes up and bonding ends it. 
[0026] In addition, this invention is not limited to the gestalt of the above-mentioned implementation, and although it 
showed application to the SAW device D as electronic parts with the gestalt of operation mentioned above, it is 
applicable to a semiconductor device similarly. You may use a plating bump also about a bump. In addition, it cannot be 
overemphasized that deformation implementation is variously possible in the range which does not deviate from the 
meaning of this invention. 
[0027] 

[Effect of the Invention] Since the oscillating direction is changed and it was made to perform impression of the 
ultrasonic wave to a bonding tool in this invention two or more times in the bonding of ultrasonic combined use as stated 
above, bonding which does not deform the Banff configuration into elliptical etc. could be performed. Consequently, 
while being able to take the large fitness range of bonding conditions, even when a detailed pitch was formed by the 
electrode pad, it could respond. i 
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CLAIMS 


[Claim(s)] 

[Claim 1] The bonding method which becomes considering the direction of the aforementioned supersonic oscillation as 
plurality in the bonding method which impresses supersonic oscillation for the aforementioned electrode through the 
aforementioned bump, and carries out thermocompression bonding of the device which has the substrate in which the 
electrode was formed and installed the bump in the aforementioned electrode, and the envelope in which the electrode 
was formed mutually. 

[Claim 2] The aforementioned bonding is the bonding method according to claim 1 characterized by performing 
impression of the ultrasonic wave to a tool using a bonding tool whenever the aforementioned bonding tool rotates a 
predetermined angle by the rotation means. 

[Claim 3] The aforementioned bonding is the bonding method according to claim 1 characterized by performing the 
aforementioned work stage using a bonding tool whenever impression of the ultrasonic wave to a tool rotates a 
predetermined angle. 

[Claim 4] The aforementioned bonding is the bonding method according to claim 1 characterized by performing 
impression of the ultrasonic wave to a tool using a bonding tool by two or more bonding heads from which the 
oscillating direction of an ultrasonic wave differs. 

[Claim 5] It has the bonding tool with which the supersonic oscillation countered and prepared in a work stage and this is 
impressed. In the bonding equipment which impresses and carries out thermocompression bonding of the ultrasonic 
wave to the electrode of the envelope laid on the work stage in the bump formed in the electrode of the device by which 
the aforementioned bonding tool was adsorbed at a bonding tool Impression of the ultrasonic wave to the aforementioned 
bonding tool is bonding equipment characterized by having an oscillating direction change means to change the 
oscillating direction. 


[Translation done.] 
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>^^-;i/3 a, 3 bcDMtt9&mmz&» 

[ 0 0 2 5 ] zn6Oli£taef|:ffl^^0f]t5i:, 0 
TnL^Cl^^-^T:^ 1 ©tf^ ✓ — .H 3 atliRS 
?tifcSAWryW.^Di:9-^7f-> 1 2±<zH;£ 

finE^Stf lKgf iiiSTS ^S^^i&iSa^fti T 
£ 1 ©StS^-^ 5 aiiS 1 (DXIstJ ^ Vy-Jl 3 
alZ&tJl. 5 W T 2 0 0 ms Ep|j|]T5o COEPftn#*t 

7ti>hS 1 >r > n 3 a(iT-*;W 
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t^c |g 1 <7)*>^>r > y^-;u3 a#m^<iM£T-± 
> v^-ji 3 bt7)T^£^^f^<iBiz»»-rs« c^tts 

c3§2©jS^&*-> 5 b©±Tffi»««#ff»LT^ 

DOllAgSt?^^Et^c 2jDE£5M^ 1 K g f 3i 
■f £ h^^^^ttj^tti 2 . 0WT-2 0 OmsEPfiDU 

[ 0 0 2 6 ] **^(±±8BIIJS©ff$J8t3(S^$n 
SIS St LT S AW^vW ^D^£>5Iffi£^L£#, 4^$ 

mcom g 4r iSK L 1>«EHT- ¥■ ^ mZ$zm RJifcT* * & © 
[0027] 

[HI] *ftB8©-^fl6^*St*S-r*J5EBI. 

[02] *ftwiz#vzmm&&M<D75ft&mTmw 

[04] *»^c^J3ijo*fl6©^!g*^-r*J5JEEo 

[0 5] **^^SlC^OllffliOfl5ffi*^-r«fiEiao 

[0 6] «£*©«flg©JBJK*^f *fiKSI. 

[0 7 ] ^^cD^-^©ff:.^T'(Z)^'> r©Jf;^^^ri^B^ 

1 - m^ (^/w 7) 

2- "^*>r 

3 —^v^-f >^'^ — ;l 

4- IS (SIR) 

5- -S^«^-^ 

7 --^-v v — 

1 0 — 0|ft[n]e^ — ^ 

1 1 -±TEi6**« 
1 2 ■■■7 — ^X^ — v* 
1 5 »-[□]*£«« 
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[0 7 ] 




